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(57) ABSTRACT

A step-up converter includes mput and output terminals, step-
up conversion circuitry, a first feedback path and a drive
circuit. The input terminals are configured to recerve an mput
DC voltage and the output terminals configured to provide an
output DC wvoltage. The step-up conversion circuitry 1s
coupled between the mput terminals and the output terminals
and includes a switching element. The first feedback path has
a regulator arrangement configured to provide a regulating
signal which 1s dependent on the output voltage. The drive
circuit 1s configured to provide a pulse-width-modulated
drive signal for the switching element and 1s supplied with the
regulating signal, wherein the drive circuit 1s configured to
generate the drive signal 1n a manner that corresponds to the
input voltage.
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STEP-UP CONVERTER HAVING AN
IMPROVED DYNAMIC RESPONSE

The present invention relates to a step-up converter (boost
converter).

Step-up converters are used, 1n a suificiently known man-
ner, to convert an mput voltage into an output voltage which
1s greater than the iput voltage. FIG. 1 shows the basic
structure of such a step-up converter, said basic structure
being described, for example, 1n Tarter, R.: “Solid-State
Power Conversion Handbook™, 1993, Wiley & Sons, ISBN
0-471-57243-8, page 352, or in “Understanding Boost Power
Stages 1n Switchmode Power Supplies” SVLAO061, March
1999, Tex. Instruments, Inc. The step-up converter has input
terminals for applying an input voltage Vin and output termi-
nals for providing an output voltage Vout for a load which can
be connected to the output terminals (shown using dashed
lines). A series circuit comprising an inductive storage ele-
ment L and a switching element T which 1s driven by a drive
circuit 1' 1s connected between the input terminals. A series
circuit comprising a rectifier element D, for example a diode,
and an output capacitor C, across which the output voltage
Vout can be tapped off, 1s connected 1n parallel with the load
path of the switch.

The switching element T 1s driven using a pulse-width-
modulated drive signal S1 whose duty ratio (duty cycle) 1s
dependent on a feedback regulating signal V2. In this case, the
duty ratio denotes the ratio between a switched-on duration of
the switching element and the duration of a drive period of the
switching element, said drive period corresponding to the
sum of the switched-on duration and switched-off duration.

A regulating amplifier or error amplifier 1s used to generate
this regulating signal V2 1n a manner dependent on the output
voltage Vout, the value of the regulating signal V2 increasing,
for example, 11 a fall 1n the output voltage Vout indicates an
increased power consumption of the load 7. In the event of the
signal V2 increasing in this manner, the power consumption 1s
increased in order to counteract a further fall in the output
voltage Vout. In this case, the power consumption can be
increased by increasing the duty ratio.

Referring to FIG. 2, 1n order to generate the pulse-width-
modulated drive signal S1, a periodic ramp-shaped signal or
sawtooth signal V3 1s generated, for example, in the drive
circuit, said ramp-shaped or sawtooth signal being compared
with the regulating signal V2. A switching-on level (a high
level in FIG. 2) for the drive signal S1 1s respectively gener-
ated, for example, at the beginning of a period of the ramp
signal V3 1n order to switch on the switch T. The switch T 1s
respectively switched off when the ramp signal reaches the
regulating signal V2. I the regulating signal V2 increases as
the power consumption of the load increases, the switched-on
duration Ton 1s extended. The switched-on duration corre-
sponds to the period of time between switching-on and the
point 1n time at which the ramp signal V3 reaches the regu-
lating signal V2. In FIG. 2, Tp 1s used to denote the period
duration of the ramp signal V3, and Toil 1s used to denote the
switched-off duration of the switch. The following applies to
the duty cycle D:

D=1on/(1on+Toffy=Ion/Tp (1)

In addition to the duty cycle, the value of the input voltage
Vin has a decisive intluence on the value of the output voltage.
This input voltage may be subject to considerable tluctuations
depending on the application. In order to achieve a prescribed
power consumption level, the switched-on duration Ton must
increase as the imnput voltage Vin falls. It follows from this that
the input voltage Vin considerably afiects the (dynamic) regu-
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lating response of the arrangement explained above since, as
the 1nput voltage becomes smaller, greater changes 1n the
switched-on duration are necessary in order to achieve a
particular change in the power consumption, and the regulat-
ing response thus deteriorates as the mput voltage becomes
smaller.

In order to solve this problem, 1t 1s known practice, in the
case ol so-called current-mode step-up converters, to use a
current measurement signal as the ramp signal, said current
measurement signal being proportional to a current through
the switch during the switched-on duration. A current-mode
step-up converter of this type 1s described, for example, in DE

100 43 482 Al.

In addition, DE 197 25 842 A1 discloses a current-mode
step-up converter which 1s used 1n a PFC (Power Factor
Correction) circuit and in which the regulating signal which 1s
dependent on the output voltage 1s multiplied by a signal
which 1s dependent on the mput voltage, which 1s necessary
given the particular regulating conditions in PFC circuits
which are supplied with an AC voltage as the input voltage.

It 1s an aim of the present mvention to provide a step-up
converter having an improved regulating response in the case
of a changing input voltage and to provide a step-up converter
having an improved regulating response 1n the case of an
output voltage which changes suddenly. This aim 1s achieved
by means of step-up converters having the features of claims
1 and 5. The subclaims relate to advantageous refinements of
the mvention.

The mventive step-up converter has mput terminals for
applying an mput DC voltage and output terminals for pro-
viding an output DC voltage, and an inductive storage ele-
ment, a switching element and a rectifier arrangement which
are connected 1n a step-up converter configuration. In addi-
tion, the step-up converter comprises a first feedback path
having a regulator arrangement for providing a regulating
signal which 1s dependent on the output voltage and a drive
circuit which 1s intended to provide a pulse-width-modulated
drive signal for the switching element and 1s supplied with the
regulating signal.

In order to improve the regulating response in the case of a
changing 1nput voltage, provision 1s made in this case for the
drive circuit to be supplied with an mput signal which 1s
dependent on the mput voltage and for the drive circuit to be
designed to generate the drive signal in a manner dependent
on this mput signal. This direct influence of the input voltage
on the generation of the pulse-width-modulated regulating
signal makes 1t possible to eliminate the dependence of the
dynamic regulating response on the mput voltage, as will be
explained below.

The drive circuit may have a ramp signal generation circuit
which 1s supplied with the input signal and which generates a
periodic ramp signal having a gradient which 1s dependent on
the input signal. In this case, a comparator arrangement gen-
erates the drive signal in a manner dependent on a comparison
of the ramp signal with the regulating signal. The influence of
the mput signal on the gradient 1s selected 1n a manner depen-
dent on the way 1n which the drive signal 1s generated. In one
embodiment in which the drive signal 1s generated 1n such a
manner that it respectively assumes a switching-on level
when a period of the ramp-shaped signal begins and respec-
tively assumes a switching-oil level when the ramp signal
reaches the regulating signal, the gradient of the ramp-shaped
signal increases as the iput voltage increases. In the case of
an increasing input voltage in conjunction with an unchanged
regulating signal, this automatically reduces the switched-on
duration 1n order to keep the power consumption constant.
Without the input voltage being directly injected into the
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drive circuit 1n this manner (which may also be referred to as
teedforward), the output voltage would first of all increase, 1n
the case of an increasing mput voltage and a duty ratio which
1s 1nitially unchanged, until the switched-on duration was
regulated back using the regulating signal.

In order to improve the regulating response 1n the case of an
output voltage which changes suddenly, provision is prefer-
ably made of a second feedback path having a sudden load
change detector which 1s designed to detect a sudden change
in the output voltage and to provide a sudden load change
signal which 1s dependent on such a detection and 1s supplied
to the drive circuit for generating the pulse-width-modulated
drive signal.

Such a second feedback path can be provided 1n conjunc-
tion with the direct injection (explained above) of the input
voltage or mput signal into the drive circuit or else indepen-
dently thereof.

In the case of a sudden change in the output voltage, the
sudden load change signal can be used, while circumventing
the first feedback path, to rapidly change the switched-on
duration 1n order to rapidly compensate for sudden load
changes of this type.

The sudden load change signal 1s preferably supplied to the
ramp signal generation circuit 1in order, for example 1n the
case of a sudden increase 1n the output voltage, to increase the
gradient of the ramp signal and, in the case of a sudden fall 1n
the output voltage, to reduce the gradient of the ramp signal.
The sudden load change signal 1s preferably formed in such a
manner that 1t respectively affects the generation of the drive
signal only for a prescribed period of time after a sudden load
change has been detected.

The present invention 1s explained in more detail below
with reference to figures.

FIG. 1 shows a step-up converter in accordance with the
prior art.

FIG. 2 shows temporal profiles of a ramp signal, of a
regulating signal and of a drive signal (dertved therefrom) for
a switch of a step-up converter in accordance with the prior
art.

FIG. 3 shows a first exemplary embodiment of an inventive
step-up converter having a drive circuit which 1s supplied
with an 1nput signal which 1s dependent on an input voltage.

FIG. 4 shows, by way of example, temporal profiles of a
ramp signal which 1s generated 1n the mventive step-up con-
verter shown 1 FIG. 3, of a regulating signal and of a drive
signal (derived therefrom) for a switch 1n the step-up con-
verter.

FI1G. 5 illustrates an exemplary implementation of circuitry
for aramp signal generation circuit and a comparator arrange-
ment 1n an inventive step-up converter.

FIG. 6 shows, by way of example, temporal profiles of
selected signals of the ramp signal generation circuit and of
the comparator arrangement shown 1n FIG. 5.

FIG. 7 shows a modification of the ramp signal generation
circuit shown m FIG. 5 and a modification of the comparator
arrangement shown 1n FIG. 5.

FIG. 8 shows temporal profiles of selected signals of the
ramp signal generation circuit shown in FIG. 7 and of the
comparator arrangement.

FIG. 9 shows an exemplary embodiment of an mmventive
step-up converter having a first feedback path which has a
regulating arrangement and a second feedback path which
has a sudden load change detector and 1s coupled to a drive
circuit for generating a drive signal.

In the figures, unless specified otherwise, 1dentical refer-
ence symbols denote 1dentical circuit components and signals
having the same meaning.
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The inventive step-up converter shown 1n FIG. 3 has input
terminals K1, K2 for applying an input voltage Vin, output
terminals K3, K4 for providing a regulated output voltage
Vout, and an inductive storage element L, a switching element
T and a rectifier arrangement D, C. In the example, the recti-
fier arrangement has a diode D and a capacitive storage ele-
ment C, 1n particular a capacitor. The inductive storage ele-
ment L, the switching element T and the rectifier arrangement
D, C are connected 1n a step-up converter configuration. To
this end, the inductive storage element L, which 1s in the form
of a storage inductor, for example, and the switching element
T are connected 1n series between the input terminals K1, K2.
A series circuit comprising the diode D and the capacitor C 1s
connected in parallel with the switching element T which 1s 1n
the form of a MOSFET 1n the example. The output voltage
Vout can be tapped ofl across the capacitor C.

In order to drive the switching element T using a pulse-
width-modulated drive signal S1, there 1s a drive circuit 1
which 1s supplied with a regulating signal V2 which 1s depen-
dent on an output voltage Vout. This regulating signal 1s
available at the output of a feedback path which has a regu-
lator arrangement having a regulating amplifier 20. This regu-
lating amplifier 20 1s supplied with an output signal which 1s
dependent on the output voltage Vout and 1s generated by a
voltage divider R1, R2 which 1s connected between the output
terminals K3, K4. The regulating amplifier 20 compares the
output signal Sout with a reference signal Sref which defines
the desired value of the output voltage Vout taking into
account the divider ratio of the voltage divider. The regulating
amplifier 20 generates the regulating signal V2 1n a manner
dependent on the difference between the output signal Sout
and the reference signal Srel. In a sufficiently known manner,
this regulating amplifier 20 may have a proportional regulat-
ing response (P regulator), an integral regulating response (I
regulator) or a proportional/integral regulating response (PI
regulator).

In the example, the drive signal generation circuit 1 has a
ramp signal generation circuit 30, a clock generator 40 and a
comparator arrangement 10. The ramp signal generation cir-
cuit 30 1s designed to generate a ramp-shaped signal V3 1n
time with a clock signal CLK which 1s generated by the clock
generator 40, said ramp-shaped signal rising periodically
starting from an initial value and being reset to the initial
value again before a next period begins. In this case, the
gradient of the individual ramp-shaped sections (which are
temporally successive) of this ramp signal V3 1s dependent on
the mput voltage Vin. To this end, the ramp signal generation
circuit 30 1s supplied with an mput signal Sin which 1s gen-
erated from the 1input voltage Vin using a voltage divider R3,
R4 which 1s connected between the input terminals K1, K2.

The gradient of the individual ramp-shaped sections of the
ramp signal V3 1s preferably proportional to the mput signal
Sin and 1s thus proportional to the mput voltage Vin.

The method of operation of the drive circuit shown 1n FIG.
1 1s explained below with reference to FIG. 4 whose upper
part shows exemplary temporal profiles of the ramp signal V3
and of the regulating signal V2 and whose lower part shows
the resulting temporal profile of the drive signal S1.

In the case of the drive circuit 1 shown 1n FIG. 3, the
comparator arrangement 10 1s supplied with both the clock
signal CLK and the ramp signal V3. The comparator arrange-
ment 10 1s designed to respectively generate a switching-on
level (a high level in the example) for the drive signal S1 when
a period of the ramp signal V3 begins. This synchronization
between the beginning of a period of the ramp-shaped signal
V3 and the generation of a switching-on level for the drive
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signal S1 1s effected using the clock signal which 1s supplied
to both the ramp signal generation circuit 30 and the com-
parator arrangement 10.

A switching-oil level for the drive signal S1 (a low level 1n
the example) 1s respectively generated again when the ramp
signal V3 has risen to the value of the regulating signal V2.
The switched-on duration Ton denotes the period of time
between the generation of the switching-on level and the
subsequent generation of the switching-off level, the
switched-off duration Tolf denotes the period of time between
the generation of the switching-oil level and the renewed
generation of a switching-on level, and the period duration Tp
of the ramp-shaped signal V3 denotes the sum of the
switched-on duration Ton and switched-off duration Toil. As
1s immediately apparent from the temporal profiles shown 1n
FI1G. 4, the switched-on duration Ton increases as the value of
the regulating signal V2 increases, with an unchanged gradi-
ent of the ramp-shaped signal V3. In this case, the regulating
signal V2 1s generated by the regulating arrangement 20 1n
such a manner that i1t increases as the power required by a load
7. (which 1s connected to the output terminals K3, K4 and 1s
depicted using dashed lines in FIG. 3) increases. This means
that, as the power required by the load Z increases, the
switched-on duration 1s increased and thus the power con-
sumption of the step-up converter 1s increased.

The effects of setting the gradient of the ramp-shaped
signal V3 1n a manner dependent on the input voltage Vin are
illustrated in FIG. 4 for one period of the ramp-shaped signal
V3. If the mput voltage Vin increases, the gradient of the
ramp-shaped signal V3 increases, as 1s shown for the ramp-
shaped rise shown using dash-dotted lines. It the regulating
signal V2 remains the same, this steeper rise directly results 1n
a shorter switched-on duration Ton' 1n order to take mto
account the fact that, in the case of an increased input voltage
Vin, even a short switched-on duration 1s sufficient to achieve
a given power consumption. By contrast, 1f the input voltage
Vin falls, the gradient of the ramp-shaped rise 1s reduced,
which 1s 1llustrated 1n FIG. 4 by the further dash-dotted ramp-
shaped profile. This gentler ramp-shaped profile leads to an
extended switched-on duration Ton" 1n order to take into
account the fact that, in the case of a reduced mput voltage
Vin, a longer switched-on duration 1s needed to achieve a
given power consumption.

FIG. 5 shows an exemplary implementation of circuitry for
the ramp signal generation circuit 30 and the comparator
arrangement 10.

In the example, the ramp signal generation circuit 30 has a
voltage-controlled current source 37 which is supplied with
the 1input signal Sin as a control signal. In this case, the input
signal 1s a voltage which 1s proportional to the input voltage
Vin using the divider ratio of the voltage divider R3, R4. The
voltage-controlled current source 37 provides a current 13
which 1s dependent on this input signal Sin. A capacitive
storage element C3 1s connected to the voltage-controlled
current source 37, a switch arrangement comprising a MOS
transistor 33 and a diode 36 being connected in parallel with
said capacitive storage element. The switch arrangement 35 1s
driven according to the clock signal CLK 1n such a manner
that the capacitive storage element C3 1s respectively dis-
charged for a prescribed period of time during a period dura-
tion of the clock signal CLK and the capacitive storage ele-
ment C3 1s charged during the remaining period of time using,
the current from the voltage-controlled current source 37. The
clock signal CLK 1s, for example, a pulse-width-modulated
signal having a duty ratio of 10%, with the result that the
capacitor C3 1s discharged according to the clock signal dur-
ing a period of time which corresponds to 10% of the period
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duration and 1s charged during the remaining period of time
using the current I3 from the voltage-controlled current
source 37. This duty ratio of the clock signal CLK 1s selected
in such a manner that the switched-on duration of the transis-
tor 35 1srespectively sulficient to fully discharge the capacitor
C3 to an mitial value, for example reference-ground potential
GND. During the charging duration of the capacitor C3, the
voltage V3 (which forms the ramp signal ) across the capacitor
increases in proportion to the current I3 and thus in proportion
to the 1input voltage Vin.

In the example, the voltage-controlled current source 37
has a differential amplifier 31 and two MOS transistors
(p-conducting MOS transistors 32, 33 1n the example) which
are driven by the differential amplifier 31. In this case, one of
the transistors 32 1s used as a regulating transistor and 1s
connected 1n series with a resistor 34 between a supply poten-
t1al Vce and reference-ground potential GND. The noninvert-
ing input of the differential amplifier 31 1s supplied with the
iput signal Sin and the mverting mput of said differential
amplifier 1s supplied with a voltage V34 across the resistor 34.
The differential amplifier 31 drives the MOS transistor 32 1n
such a manner that the voltage across the resistor 34 corre-
sponds to the input signal Sin. A current flowing through this
resistor 34 1s then proportional to the input signal Sin and to
the input voltage Vin. The output current 13 (which tlows
through the further MOS transistor 33) from the current
source 37 1s likewise proportional to the input signal Sin, it
being possible for the currents through the two transistors 32,
33 to differ 1f different area ratios are selected for the transis-
tors 32, 33. In the sense of minimizing the power loss, the
transistor 32 1s preferably selected to be smaller than the
transistor 33 1n this case.

The comparator arrangement 10 has a comparator 11
whose mverting input 1s supplied with the regulating signal
V2 and whose nomnverting input i1s supplied with the ramp
signal V3. An output signal S11 from this comparator 11
drives the reset input R of an RS flip-tlop 12 whose set input
1s supplied with the clock signal CLK. In this case, this
tlip-tflop 12 1s designed 1n such a manner that 1t respectively
generates a high level for the drive signal S1 after a falling
edge of the clock signal CLK, that 1s to say respectively when
discharging of the capacitor C3 via the transistor 35 has
ended. The thip-flop 12 1s respectively reset upon a rising edge
of the comparator signal S11, that 1s to say when the ramp
signal V3 exceeds the regulating signal V2.

FIG. 6 shows the temporal profiles of the clock signal CLK,
of the ramp signal V3 and of the resulting drive signal S1 for
the arrangement shown 1n FIG. 5.

FIG. 7 shows a modification of the ramp signal generation
circuit 30 and of the comparator arrangement 10 shown 1n
FIG. 5. In this case, the capacitor C3 of the ramp signal
generation circuit i1s respectively discharged in a manner
dependent on the drive signal S1 during the switched-off
duration Toif of the drive signal S1. To this end, an inverter 38
1s used to supply the transistor 35 with a signal which corre-
sponds to the inverted drive signal S1 and drives the transistor
35 1nto the on state during a low level of the drive signal S1.

FIG. 8 shows the temporal profiles of the ramp signal V3,
of the clock signal CLK and of the drive signal S1 for the
circuit arrangement shown in FIG. 7. In contrast to the exem-
plary embodiments explained above, the rise of the ramp-
shaped signal 1s respectively ended, in this exemplary
embodiment, when the switched-on duration Ton ends since,
in the manner explained above, the capacitor C3 is respec-
tively discharged when the switched-on duration Ton ends.

For the sake of completeness, 1t shall be pointed out that a
driver circuit 13 1s usually connected downstream of the




US 7,723,967 B2

7

tlip-tlop 12, said driver circuit converting the level of the drive
signal S1 which 1s applied to the output of the flip-tlop to a
level which 1s suitable for driving the switch, for example a
power MOSFFET, which 1s respectively used.

FIG. 9 shows another exemplary embodiment of a step-up
converter. In a modification to the step-up converter shown 1n
FIG. 1, the ramp signal generation circuit 30 1s supplied, 1in
this case, with a control signal S50 which 1s formed by a
control signal generation circuit 50 from the imnput signal Sin,
which 1s proportional to the mput voltage Vin, and the output
signal Sout, which 1s proportional to the output voltage Vout.
The design and the method of operation of the ramp signal
generation circuit 30 and of the comparator arrangement 10
correspond to the design and the method of operation of the
previously explained ramp signal generation circuit 30 and
the previously explained comparator arrangement 10.

In the example, the control signal generation circuit 50 1s in
the form of a digital circuit having a first digital/analog con-
verter 51 for converting the output signal Sout into a digital
output signal and a second digital/analog converter 52 for
converting the input signal Sin into a digital input signal. In
FIG. 9, the digital input and output signals Sin, Sout are
denoted using reference symbols which correspond to those
used for the analog mnput and output signals Sin, Sout sup-
plied.

The digital output signal Sout 1s supplied to an integrator
53 which forms a mean value Sout_avg of the output signal
Sout, the mean value preferably respectively being generated
in the form of a sliding mean value for a prescribed period of
time. This mean value 1s supplied, together with the digital
input value Sin, to a first calculation unit 54 which determines
a measure ol a difference between the input signal Sin and the
output signal Sout. To this end, the first calculation unit deter-
mines, for example, a first ratio value D'avg for which:

(2).

A second calculation unit 55 uses the instantaneous value
ol the output signal Sout and the input signal Sin to determine
a measure ol the difference between the input signal and the
output signal. To this end, the second calculation unit deter-
mines, for example, a second ratio value D'out for which:

D'avg=Sin/Sout__avg

D'our=Sin/Sout (3).

The two ratio values D'avg and D'out are the same if the
instantaneous value of the output signal Sout and thus the
instantaneous value of the output voltage Vout correspond to
the mean value. This 1s the case when the output voltage Vout
has not changed when considered over the period of time over
which the mean value 1s formed. These two ratio values D'avg,
and D'out are supplied to a subtractor 57 which forms the
difference between these two values and provides a difference
value D'err for which:

D'err=D'avg-D'out (4).

This difference value D'err 1s zero 1f the output voltage Vout
has not changed when considered over the averaging time.
The difference value D'err 1s supplied, together with the first
ratio value D'avg, via a filter 58, to an adder 56 whose output
signal 1s supplied to a digital/analog converter 59 at whose
output the control signal S50 1s available.

The method of operation of the control signal generation
circuit 50 1s explained below:

If the output voltage Vout 1s constant for a long period of
time, 1n particular for a period of time longer than the aver-

aging period of the integrator 53, the quotient of the mput
signal Sin and the mean value Sout_avg of the output signal
Sout 1s available at the output of the adder 56. This quotient 1s
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proportional to the mput voltage Vin and mnversely propor-
tional to the desired value of the output voltage Vout 1t 1t 1s
assumed that the mean value Sout_avg 1s proportional to the
desired value of the output voltage.

In this case, the step-up converter behaves like the step-up
converter which was explained with reference to the previous
figures and 1n which a ramp signal having a ramp gradient that
1s proportional to the input voltage 1s generated.

I1 the output voltage Vout now suddenly changes as a result
of achange in the load and assumes a value which differs from
the mean value or the desired value, the two ratio values D'avg
and D'out will differ from one another and the difference
value D'err will assume a value that 1s not equal to zero. The
control signal S50 1s thereby changed using the adder in order
to adapt the ramp gradient of the ramp signal generated by the
ramp signal generation circuit. I the output voltage Vout falls
below the previous mean value 1n this case, the first ratio value
D'out will become greater than the second ratio value D'avg.
The difference value D'err thus becomes negative, with the
result that the control signal S50 1s reduced. When the ramp
signal generation circuit 1s designed as shown in FIG. 5, this
results 1n a ramp signal V3 with gentler edges, thus resulting,
when the regulating signal V2 1s the same, in the switched-on
duration of the switch T being extended in order to increase
the power consumption and counteract this fall 1n the output
voltage. Directly feeding back the output signal Sout to the
signal generation circuit 50 thus, i the case of a sudden
change in the output voltage Vout, immediately adapts the
switched-on duration Ton, using the ramp signal V3, even
betfore the regulating signal V2 can react to the change in the
output voltage.

If the output voltage Vout suddenly increases, the differ-
ence value D'err will become positive, thus increasing the
ramp gradient of the ramp signal V3 in order to reduce the
switched-on duration and thus to reduce the power consump-
tion. This immediately counteracts a further increase in the
output voltage.

The filter 58 which 1s connected downstream of the sub-
tractor 1s provided for reasons of stability and 1s 1n the form of
a high-pass filter, for example, which, only after a sudden
change in the output voltage Vout and thus 1n the difference
signal D'err, provides the adder 56 with a signal which 1s not
equal to zero.

The differentiator 57 with the calculation units 54, 55
(which are connected to the latter) and the filter 58 performs
the function of a sudden load change detector which, after a
sudden load change which leads to a sudden change in the
output voltage, provides a signal which 1s not equal to zero 1n
order to immediately change the ramp gradient of the ramp
signal V3 (which was generated by the ramp signal genera-
tion circuit 30) even before the regulating signal V2 can be
changed. This sudden load change detector 1s part of a second
teedback path via which the output voltage Vout 1s fed back.

The mvention claimed 1s:

1. A step-up converter comprising;:

input terminals configured to receive an iput DC voltage
and output terminals configured to provide an output DC
voltage;

step-up conversion circuitry coupled between the input
terminals and the output terminals, the step-up conver-
sion circuitry including a switching element;

a first feedback path having a regulator arrangement con-
figured to provide a regulating signal that 1s dependent
on the output voltage;

a drive circuit which 1s configured to provide a pulse-
width-modulated drive signal for the switching element
and 1s supplied with the regulating signal, wherein the
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drive circuit 1s configured to generate the drive signal 1n
a manner that corresponds to the input voltage; and

a second feedback path having a load change detection
circuit configured to detect a sudden change 1n the out-
put voltage and to operably provide a sudden load
change signal which 1s dependent on such a detection at
least indirectly to the drive circuit; and wherein

the drive circuit 1s operably coupled to receive an input
signal that 1s dependent on the input voltage, and
wherein the drive circuit 1s further configured to gener-
ate the drive signal based on the input signal; and

the drive circuit comprises a ramp signal generation circuit
configured to recerve the mput signal and to generate a
periodic ramp signal having a characteristic that 1s
dependent on the input signal, and a comparator arrange-
ment which generates the drive signal 1n a manner
dependent on a comparison of the ramp signal with the
regulating signal.

2. The step-up converter as claimed 1n claim 1, wherein the
ramp signal generation circuit 1s configured to generate the
periodic ramp signal to have a slope that increases as the input
voltage increases.
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3. The step-up converter as claimed 1n claim 1, wherein the
ramp signal generation circuit comprises:

a capacitive storage element coupled;

a ramp signal generation circuit output coupled across the

capacitive storage element;

a controlled current source configured to provide a current

which 1s dependent on the input signal; and

a switching arrangement for changing a charge on the

capacitive storage element with the current provided by
the current source.

4. The step-up converter as claimed 1n claim 1, wherein the
drive circuit 1s further configured to generate the drive signal
in a manner that corresponds to the input voltage and to the
sudden load change signal.

5. The step-up converter as claimed 1n claim 3, wherein the
ramp signal generation circuit 1s configured to generate the
periodic ramp signal to have a slope that increases as the input
voltage increases and that corresponds to the sudden load
change signal.

6. The step-up converter as claimed 1n claim 5, wherein the
load change detector includes a filter.

G o e = x
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